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The other approximate method of solving Eq. (5)
is that of Chew-Wick impulse approximation. The
strong short-range interactions in configuration
space will y1e1d extremely slowly varying func-
tions, TV(k) in momentum space. From Eq. (5a)
we see then that if the momentum functions X (k)
(which in the impulse approximation are the trans-
forms of the asymptotic functions ¢, i.e., 2=1)
are peaked at =0, the major contributions to the
integral come only from this region. Thus for
large momentum transfers we can approximate

(k A) by TV(A) and take it outside the integral
as a multiplicative factor. The resultmg integral
over only the momentum functions X (k) give the
effects on the scattering amplitude of the “specta-
tor” particle as in the usual formulation of the -
impulse approximation. Another advantage of our
formalism is that it offers a relatively simple way
of calculating corrections to the impulse approxi-
mation. Such corrections appear in a multiplica-
tive rather than additive way if one uses x=8R¢
(&2#1) in a distorted-wave approximation.

A forthcoming paper will give results for other
applications of the theory (in particular to the scat-
tering of electrons by hydrogen atoms) as well as
expand on both the details of these calculations
and the general formalism.
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In a previous Letter! we showed experimental
evidence for a line spectrum in the 1-GeV brems-
strahlung y -ray beam obtained using a diamond
radiator. In this Letter we give some results of
the calculations and measurements concerning the
polarization of a 150-MeV photon line.

In high-energy electron bremsstrahlung, the
radiated photons are emitted preferentially with
a state of linear polarization parallel to the plane
determined by the direction of the primary elec-
trons and the recoil momentum of the nucleus. In
a crystal only those recoil momenta are allowed
which, in-suitable units, are coincident with the
reciproca.l'lattice vectors. Therefore the process
1s not symmetrical around the direction of the
-prlma.ry electron. It follows that the entire brems-

strahlung beam has a net polarlzatmn, with r
spect to a crystal plane. ‘

The first calculation of this polarization wa
performed by Uberall?; we have repeated it in
order to take into account the discrete structu
of the lattice planes. The importance of this st
ture has already been stated in other works.!
few numerical results of this calculation were
en by us in reference 1. At the same time ['ib
also had recalculated the polarization, but hls
merical data* are not comparable with our ex
ment.

We define the polarization of the entire y-ra
beam as

P= )/(I +I
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e [/ and Iy represent the bremsstrahlung in-
1t1 s-for photons with polarization perpendlcu-
nd parallel, respectively, to the plane (pl, D,
mined by the incident electron momentum p1

: 'rec1proca,1 lattice axis b The ch01ce of the
»es H and V is due to the fact that the (p,,b,)
is held vertical.

We obtained

(0, %, Ey) -1, (0, %, By) =2(1 -x)$:°%(0, 8);  (2)

6) = [(21r)2/A]‘1=f‘>*°‘Z}g |F 1*[exp(-Ag®) /(B2 +£%)?]
X[(gzz 'gaz)/g3494]; (3)

re E, and k are the electron and photon energy,
ectlvely, x= k/El, and 6 is the angle between
ctors p, and b,. The sum in (3) is extended
the reciprocal 1 la.ttlce vectors g = 0, 25, gs)
which lie in the (bz,b ) plane; p1 lies in the (bl,
lane. The other quantities in Formula (3)

e already defined in reference 1. In Formula
ne has

‘ IH(G,x,E1)+IV(9,x,El) =I10,x,E,). (4)

x,E,) is the bremsstrahlung intensity, already

ned in reference 1.

le numerical values of Formula (1) were cal-

ted for diamond at room temperature with the

¢ input data as 1n reference 1; the only dif-

nce 1s that now p1 1s parallel to the plane of

es b =(110) and b =(001). The reason is

188 th1s situation the polarization is very large.
‘continuous curve of Fig. 1 represents For-

mula (1) as a function of 6, for E; =1 GeV and &

1¢ measurement of the polarization depends

he fact that in electron pair production from
ly polarized photons, the electrons are emit-
preferentially in the plane of polarization (i.e.,
lane determined by the direction of the inci-
hoton E, and the polarization vector E). The
imental apparatus is about the same as de-
ed in reference 1. In the present experiment
ose a collimation of 1 mrad. The collima-~
were arranged in such a way to eliminate that
i the electron multipie traversals of the

nd radiator which spread out the y-ray

in the horizontal direction. The source
sion obtained in this way was ~6 mm®. The
intensity after collimation was =10'° equiva-
ua.nta/mmute The aluminum converter was
-adiation length thick; in this way the mean

e scattering angle of the electrons was much
i their most probable emission angle.

o _IP("/O) % : ]
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'FIG. 1. Polarization of £=150-MeV photons in the
entire bremsstrahlung beam of E, =1-GeV electrons,
striking a diamond at room temperature. 6 (in mil-
liradians) is the angle between the momentum p; of the
incoming electron and the crystal axis {110]; b, is
parallel to the plane of the crystal axes [110], [001]
(which is a vertical plane). P =(IH—1V)/(IH+IV) . The
points represent the experimental results of Table I.
They are normalized to the theoretical curve at 6 =11.6
mrad. The error is statistical.

The principal change with respect to the old
apparatus was made in the system of scintillation
counters which detected symmetrical pairs. The
present disposition is shown in Fig. 2; the scin-
tillators A, and A,, 10 cm in height, were placed
in the e~ branch of the pair, while the scintilla-
tors A, and S, were placed in the et branch. A4,
has the same height as A, and A,; S, is only 0.5
cm in height. All the scintillators accepted an
electron momentum spread Ap/p=8.5%.

By means of the triple coincidence S,4,A, we .
detected the symmetrical pairs in which one
branch is emitted at any angle with respect to the
incident photon, and the other branch is emitted
in the neighborhood of the spectrometer median
plane MP, which is horizontal and contains S,.

On the other hand, by means of the triple coinci-
dence A, A,, A, we detected the symmetrical -
pairs with the two branches emitted at any ‘a.i;g"le‘.“__
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MP

FIG. 2. Sketch of the analyzing device. k is the direc-
tion of the incoming photon. ¢ is the direction of the
polarization vector. C is the aluminum converter. et
and e~ are the two branches of the symmetrical pair.

B is the direction of the magnetic field of the pair spec-
trometer. The height of the scintillators 4;,4,,4; is
10 cm; that of S; is 0.5 cm. MP is the median plane

of the pair spectrometer.

The counting rate of §;A,A, depends on the po-
sition of the polarization plane; if this is hori- .
zontal, the counting rate is larger than if it is
vertical. Olsen and Maximon® calculated the pair
production cross section from linearly polarized
photons, integrated over the emission angles of
one branch and differential in the emission angles
of the other branch and, of course, in the elec-
tron energy. In order to adjust this cross section
to our experimental situation, we integrated it
over the emission angle in the horizontal plane.
We took into account also the electron multiple
scattering in the converter as well as the finite
size of the beam at the converter (its diameter
was 1.3 cm), and the finite height of the scintil-
lator S,. We obtained the asymmetry ratio

R=(d0 -do )/(do +do )=10 1%, (5)

Ifor the photon energy 2=150 MeV; in Formula
"‘(5) dcl and do | represent the pair production cross
~section in.the given experimental situation from

: tons "p‘olamzed parallel and perpendicular to

s ectrometer medlan plane respectively. R

HUAR

is

approaches zero when the converter thickness is
more than 1072 radiation length. R is also de-
creased when the size of the y-ray beam is in-
creased. For this reason the 1-mrad angle of
acceptance of the collimators was an upper limit.

In order to measure the polarization of the -
ray beam we fixed the nominal energy of the pho-
tons at =150 MeV, by the proper choice of the
spectrometer magnetic field, and we measured
the ratio of coincidence counts

p=S,A,A,/A A, A,, (6)

taking into account also delayed coincidences;
background is negligible. We considered the coin
cidence A | A, A, only as a monitor in order to
measure at constant number of photons. p was
measured for several values of 6, with 51 held
parallel to the plane of the crystal axes b =(110)
and b =(001), which is a vertical plane.

The relationship between Formulas (6) and (1)

p=p,(L+RP), (M

from which we see that the constant p, represents
the values of p for P=0. Since for several rea-
sons we could not yet measure the absolute value
of the polarization, we assumed that the y-ray
beam was unpolarized at 6 =6,=5.8 mrad, where
the theoretical curve of Fig. 1 passes through the
zero value. At this angle we measured p,. Thus
we made relative measurements, normalized at
6=0,

Since the maximum value of P, on the basis of
the theoretical results, is 50% and the value of
R is 10%, the maximum relative difference be-
tween p and p, is 5%. Therefore we had to take
particular care in measuring this small effect.
In order to eliminate the bias introduced by the
instability of the electronics, each measurement
of p was followed by a measurement of p,; we re-
jected those measurements in which the values
of p, differed more than the statistical error of
=1%. We encountered another difficulty in the
fact that the energies of the photons detected frow
the two triple coincidences S, A,A; and A, A, A,
must be coincident within 1 MeV. In fact, we see
from Fig. 1(b) of reference 1 the large rate with
which the number of photons in the spectrum var-
ies by changing the energy in the neighborhood of
the first discontinuity; a change of 1 MeV in the
photon energy will cause a change of some percen
in the number of counts, and this is just of the i
order of the variation of p.

If we could have rotated the crystal by 90° in s
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t would have been possible to measure an
wice as large and, besides, we would have
able to make an absolute measurement. How-
‘1 due to experimental difficulties, this was
ossible. We hope to overcome this difficulty
ly. _

€ experimental results are summarized in

I. In the first column the value of the angle
milliradians is given; in the second column
ve the weighted average

(p/po) = Z)u p(,)/z o

e 1; is the error propagated in p® /p %) by
tatistical errors of the counts S AsA, and
. In the third column we give the error

b=l /n 21,

ltiplied by 10%. In the fourth column we give
olarization P, calculated by means of the
ula

(p/py) 1+RP
(p,/py) 1+RP,’

being the value of p obtained experimentally
=0, =11.6 mrad; P, =16.0% is the theoretical
e of the polarization at the same angle. The
ason for which, in presenting the results, we
er to renormalize the data at 6 =6, is that at

9)

Table I. Experimental results obtained in the meas-
ement of the polarization.

] P
mrad) (p/p0> 103;19 (%)
2.3 0.998 7.0 247
2.9 1.002 9.6 6+10
;4.9 0.990 8.9 -6%9
5.4 1.001 9.5 59
5.8 1.000 4.5 4+4
“ 7.0 1.026 5.9 306
7.4 1.049 4.8 52+5
7.9 1.033 6.8 377
9.0 1.029 7.1 337
.6 1.012 6.1 16£6

‘this-angle the influence-of ‘the electron multiple

scattering in the diamond is negligible.

In the same column, following the value of the
polarization, its error is quoted. This is =10uy;
i.e., in propagating the error by means of (9), we
disregard the error of {p,/p,). This is because
(p,/py is used only to normalize the theoretical
and experimental behavior of P.

The data of the fourth column are displayed
also in Fig. 1. The theoretical curve is not yet
corrected for the electron multiple scattering in
the diamond radiator. Nevertheless, one can see
how the variations of the polarization, as meas-
ured between an angle 6 and the angle 6,, make
a good fit with the theoretical curve, at least for
6> 6 mrad; below this angle multiple scattering
is important, so the experimental values do not
agree well with the theoretical ones.

By inspection of Fig. 1 we see that the polariz-
ing device, as well as the analyzing one, works
satisfactorily, because for a change of only A6
=1.6 mrad in the neighborhood of the discontin-
uity, we detected a change in polarization of

AP=(48+1%.

On the other hand, after replacement of the
converter 107 radiation length thick with another
one, 1072 radiation length thick, the values of
p and p,, relative to the preceding A6, appeared
coincident within the statistical error.

The big advantage in using a crystal instead of
an amorphous radiator as a pola.rlzer was in-
dicated by Uberall in his first work.? At this date
we can say that the advantage is even greater than
that expected at the time of the initial work.

We wish to thank Professor J. DeWire for many
valuable discussions and Dr. B. Antonini for the
integration of the cross section in Formula (5).
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